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(57) Abstract 



A process for providing a tomato-based product comprising the following steps: a) applying ultra high pressure to a tomato piece, 
such that polygalacturonase is inactivated and pectinmethylesterase and preferably peroxidase are not inactivated; b) incubating the tomato 
piece with endogenous pectinmethylesterase to achieve a desired consistency and preferably with peroxidase to achieve a fresh aroma and/or 
flavour profile; and c) inactivating the pectinmethylesterase and any peroxidase. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes use. to idc „ tify States pa„ y ,o the PCT on ,He front pages of pamphlcts poblishing jmernationaJ applicatjons ^ ^ ^ 



AL 


Albania 


AM 


Armenia 


AT 


Austria 


AU 


Australia 


AZ 


Azerbaijan 


BA 


Bosnia and Herzegovina 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso . 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cdte d'l voire 


CM 


Cameroon 


CN 


China 


cu 


Cuba 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 



ES 


Spain 


Fl 


Finland 


FR 


France 


GA 


Gabon 


GB 


United Kingdom 


GE 


Georgia 


GH 


Ghana 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IL 


Israel 


IS 


Iceland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


KyTgyzsfan 


KP 


Democratic People's 


KR 


Republic of Korea 


Republic of Korea 


KZ 


Kazakstan 


LC 


Saint Lucia 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 



LS Lesotho 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Monaco 

MO r Republic of Moldova 

MG Madagascar 

MK The former Yugoslav 
Republic of Macedonia 



ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan • 


SE 


Sweden 


SG 


Singapore 



SI Slovenia 

SK Slovakia 

SN Senegal 

SZ Swaziland 

TD Chad 

TG Togo 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 

UZ Uzbekistan 

VN Viet Nam 

YU Yugoslavia 

ZW Zimbabwe 



WO 97/38591 




PCT/EP97/01265 



1 

PROCESS FOR THE PREPARATION OF A FOOD 

PRODUCT 

Field of the Invention 

5 

The invention relates to a process for the preparation of 
tomato-based products of high quality and consistency and 
products obtained by this process. 

10 Background to the Invention 

It is desirable to be able to produce tomato-based products 
having a high consistency and quality with a low solids 
content. In order to do this, it is necessary to be able 
15 to substantially increase the viscosity of the tomato 

pastes commonly used to prepare products such as sauces. 

It is also desirable to be able to produce tomato-based 
products having a fresh, rather than a processed, flavour 
20 and/or aroma profile. 

Enzymes, such as polygalacturonase (PG) and 
pectinmethylesterase (PME) , are naturally-present in 
tomatoes. If the tomatoes are broken-down, these enzymes 
are released and pectinmethylesterase catalyses the removal 
of methyl ester groups from pectin molecules occurring 
naturally in the tomatoes, thereby producing pectic and 
pectinic acids; polygalacturonase rapidly depolymerises 
these pectic and pectinic acids. Consequently, the tomato- 
based product lacks pectic substances and has a thin and 
watery consistency. 

Heating a paste of broken-down tomatoes above 80°C 
inactivates PME and PG, thereby preventing breakdown of 
35 pectic substances in tomato products during processing, 

such that a good consistency is maintained. However, 
heating leads to increased rates of chemical reactions 
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including the MaiHard reaction , „ hich 

browning of tomato products anrt ..>,., . 

flavours. Products and the generation of off. 

T Bi ° teChn01 ^- INSER M /1992 , Vol 

^4 pp 195-209 discusses the effects of h-i^v, 

. etteccs of high pressure (1.7 

kbar) on enzymes. it statP. hh^ 11 7 

tes that P ol yphenoloxidase does 
not appear to be inactivated by UHP. xt also mentions the 
condxtions necessary to inactivate PME in citrus fruits 
and concludes that pressurisation conditions sufficient for 
the microbial .pasteurisation, of fruit juices or purees do 
not fully stabilise them against modifications by P„ E ana 

fZs 1 ™ eSe '—"-pasteurised, acid 

foods therefore also require a mild thermal blanching a 
refrigerated storage or the addit-l™ „, 3 ' a 

to ,.,,,„ . a or cne addition of enzyme inhibitors, 

to fully inactivate the d«.tj,-»H< „~ 

e9radln 9 enzymes, Enzvme 

~ m " lmP ™ '« achieving long term ^ 

The present invention seeks to provide a process for 

products having a low solids content. Preferably the 
tomato-based product has a flavour/aroma profile and a 
colour which is perceived f« , _ 

perceived as fresher than conventionallv 
processed tomato-based products. entionally 

Summary of t-h* T nvenHnn 

According to the present invention there is provided . 
process for providing a tomato-based product, comprising 
trie following steps: 

a» applying ultra high pressure to a tomato piece, such 
Chat polygalacturonase is inactivated and 
pectmmethylesterase is not inactivated; 

b, incubating the tomato piece with endogenous 
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pectinmethylesterase to achieve a desired consistency; 
and 

c) inactivating the pectinmethylesterase. 

5 

The inventors of the present invention were surprised to 
find that under suitable conditions, polygalacturonase is 
inactivated by applying ultra-high pressure (UHP) , whereas 
pectinmethylesterase remains active. For example, applying 
10 a pressure of 500MPa for 15 minutes at approximately 20°C 

achieves this selective inactivation of PG . 

.te. 

In the absence of polygalacturonase to depolymerise the 
pectic and pectinic acids formed by the action of PME on 
15 pectin, these acids remain in the cell wall to prevent 

structural breakdown. The selective inactivation of 

polygalacturonase may therefore prevent texture 
degradation . 

Also, incubating the tomato piece with endogenous PME in 
step b results in a firming effect and an improvement in 
texture. This is because the removal of methyl ester 
groups from pectin molecules, catalysed by PME , results in 
the pectin molecules being able to associate with each 
other via cation cross-links to provide an increase in 
consistency. The incubation may be conducted at 42°C for 30 
minutes . 

Once the desired thickness has been achieved, the PME is 
inactivated by, for example, heating, adjusting pH and/or 
adding inhibitors. If heating is used, the temperature is 
typically raised to 90°C for 10 minutes. Such a heat 
treatment is sufficient to pasteurise the product. Hence, 
a single heating step may be used both to inactivate PME 
and to pasteurise, resulting in a treatment which requires 
less heat input in comparison to the use of separate 
inactivation and pasteurisation heating steps. 
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The inventors have also found that, under certain UHP 
conditions, the enzyme peroxidase remains active together 
with PME after PG has been inactivated. They have found 
that peroxidase is more stable to UHP than PG, but less 
stable than PME. m contrast, the inventors have found 
that peroxidase is less heat stable than both PG and PME; 
therefore, peroxidase is inactivated before PG and PME in 
the heat treatments of the processes conventionally used 
for preparing tomato products. 

Without wishing to be bound by theory, the inventors 
believe that peroxidase is important in the generation of 
volatiles for providing a fresh tomato flavour/aroma 
profile, and that the presence of active peroxidase in the 
tomato product during the incubation step b is advantageous 
to the perception of freshness in the final tomato product. 
The process of the present invention may therefore result 
in a tomato product having a flavour/aroma profile which is 
perceived as fresher than conventionally processed tomato 
products, since peroxidase is inactivated relatively 
quickly during the heating of conventional processes. 

In the present invention, any active peroxidase is 
inactivated in step c, together with PME, thus preventing 
the flavour and/or aroma effects developing to extremes and 
decreasing quality. 

A tomato piece is, for example, whole tomatoes either 
peeled or unpeeled. or a piece of chopped, diced, 
comminuted or macerated tomato. The tomato piece may have 
a size in the range of from approximately 10 /xm to 
approximately 10cm and may form part of a tomato paste, 
puree or juice. Commonly, the present invention is applied 
to a plurality of tomato pieces simultaneously. 



An advantage of the process of the present invention is the 
manipulation of the viscosity and texture of tomato-based 
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products. Once PG has been inactivated using UHP, 
viscosity and texture is controlled by the conditions of 
the incubation step b and the inactivation step c; ie . they 
control the degree of firming which occurs. Moreover, 
using the process of the present invention, the tomato- 
based products preferably have a flavour/aroma profile 
and/or a colour which is perceived as fresher than 
conventionally processed tomato-based products. Therefore, 
by selecting the right conditions for steps a, b and c, 
viscosity and/or texture improvement, and preferably fresh 
colour, flavour and/or aroma generation, can be achieved. 

Thus, the present invention provides means for selectively 
inactivating deleterious enzymes, and for maintaining and 
promoting the activity of other enzymes to control and 
improve viscosity and texture, and, preferably, also to 
improve colour, flavour and/or aroma. 

Examples of the products and processes of the invention 
will now be described to illustrate, but not to limit, the 
invention . 

DETAILED DESCRIPTION OF THE INVENTION 
Example 1 

Eight 150g samples of tomato dice were subjected to a range 
of ultra high pressures for different lengths of time using 
a high hydrostatic pressure unit. The pressure and time 
treatments used are listed in Table 1. 

Pressure, up to a maximum of 600MPa, was provided by water 
pumped into the base of the unit. Water was used as the 
pressure transferring medium. Generally, it took 2-3 
minutes for the UHP system to reach the chosen pressure. 
It also took 2-3 mins to depressurize after treatment. The 
pressure and temperature, measured at four points within 
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the unit, were logged continuously by a computer All 
experiments were carried out at ambient temperature. 

A portion of each pressure- treated sample was stored for 
analysis either by freezing it rapidly using dry ice and 
storing at -ao-C.or by packing it in 15 0g of tomato juice 
xn foil pouches, heat sealing the pouches and heat treating 
for 30 minutes in a waterbath set at This heat 

treatment was sufficient to inactivate all enzymes and to 
achieve pasteurisation. 

The remainder of each pressure- treated sample was placed in 
a sachet and incubated for 30 minutes in a waterbath set at 
either 40°C or 60°C. 

These samples were also stored for analysis, using the 
method described above. 

For each stored sample, the activity of the enzymes pectin 
methyl esterase (PME) , polygalacturonase (PG) , lipoxygenase 
and peroxidase was determined using methods i to iv 
described below. The activity of th.se enzymes was ,lso 
measured in a sample of the tomato dice which had not 
undergone the pressure and thermal incubation treatments 
described above (this was the control sample) . 

i) PME activity was assayed by adding 200 M 1 of sample to 
20mls 1% apple pectin in 0.15M sodium chloride ( pH 7 5 with 
sodium hydroxide) . Activity Ws calculated from the slope 
of mis 0.025M NaOH used to maintain pH 7 . 5 at 30°C against 
t ime . 



xx) PG activity was measured by the detection of reducing 
ends, which are generated when the enzyme breaks down 
polygalacturonic acid, using the colorimetric PAHBAH assay 
(Lever M. (1972) Anal Biochem 47: 273-279) . PAHBAH is an 
abbreviation of the chemical p-hydroxybenzoic acid 
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hydrazide, which is used for the colour detection of 
reducing sugars. A high salt extract was prepared by 
adding low salt buffer (25mM sodium acetate buffer pH 5.6) 
to a tomato sample at a ratio of 1:2 volume : weight , shaking 
5 vigorously then centrifuging at 10,000g for 20 minutes at 

4°C. After centrif ugation, the supernatant was poured away 
and the pellet resuspended in an equivalent volume of a 
high salt buffer (25mM sodium acetate buffer pH 5.6 
containing 1 . 0M sodium chloride) and left to stand at 4°C 
10 for 1 hour. The suspension was then respun at 10,000g, 4°C 

for 20 minutes and the supernatant (high salt extract) 
stored at -70°C in 1ml aliquots. 

For PG assays, the high salt extract was diluted 1:100 in 
50mM sodium acetate buffer pH 4 . 0 containing 0 . 2M NaCl ; the 
activity was assayed using 0.2% polygalacturonic acid in a 
total assay volume of 500/il . The assays were incubated at 
40°C for 1 hour and terminated by generating colour, which 
comprised adding 5mls of PAHBAH reagent and boiling for 6 
minutes. After cooling under running water to room 
temperature, absorbance was read at 410nm using quartz 
cuvettes against a standard curve of galacturonic acid. 
Controls were performed by terminating assays with PAHBAH 
reagent as soon as the enzyme extract was added, ie . at 
zero time, and boiling as above. 

iii) Lipoxygenase activity was determined at 30°C using the 
polarographic method of Nicolas et al (1982 J Sci Food 
Agric 33:365-372) using linoleic acid (28mM final 
30 concentration) dispersed in 0 . 1M sodium phosphate buffer pH 

7.0 containing polyoxyethylenesorbitan monolaurate (0.8% 
final concentration) in a total volume of 5ml . 



15 



20 



25 



iv) Peroxidase activity was determined by the 
3 5 spectrophotometric quantification of o-quinone production 

in a mixture containing 3.0^1 30% hydrogen peroxide ( 8 . 8mM 
final concentration), phosphate buffer pH 7.0 and enzyme 
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_ raci j, J7 eas :~ h e° cj;;; r ab ,5n r f inai 

400nm usino - cnange in absorbance at 

m usln 3 a spectrophotometer with a f-™ 
controlled cuvette holder at 30"C. temperature 

The results of these measurements for each samDlp 
Pressure-treatment alone are shown in Table xbeTow. ^ 

Table 1 



300MPa, 5 min 



300MPa, 15 min 



400MP a/ 10 min 



400MPa, 20 min 



SOOMPa, 10 min 
500MPa, 2 0 min 



600MP a/ io min 



600MPa, 20 min 



% activity remaining after treatment 




The results of these measurements for samples after 
pressure-treatment alone and after both pressure- 
treatment and thermal incubation are shown in Table 2 
below, together with the results for the control sample 
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Treatment 


% activity remaining after II 
1 treatment 


PME 


PG 


T."i T5 0"V\/eT^ 

nase 


Do T*^"V "i 
rci, VJJIXU 

ase 


No treatment (control) 


xuu 




100 


100 


400MPa 10 mins 


100 


100 


74 


96 


400MPa 10 mms + 40°C 
30 mins 


90 


76 


33 


100 


400MPa 10 mi nc; a £n°r* 
3 0 mins 


58 


45 


0 


100 


600MPa 20 mins 


100 


0 


0 


0 


600MPa 20 mins + 40°C 
30 mins 


86 


0 


0 


0 


600MPa 20 mins + 60°C 
30 mins 


72 


0 


0 


0 



The results in Table 1 show that PME is the most 
barostable enzyme. Its activity is not affected after a 
pressure treatment of 600MPa for 20 minutes. Peroxidase 
is the next most stable enzyme, followed by PG and 
lipoxygenase, which have similar stabilities. After a 
pressure treatment of SOOMPa for 20 mins, both PME and 
peroxidase are active whilst PG and lipoxygenase have 
been inactivated; the presence of peroxidase is 
favourable to flavour and aroma. 

From Table 2, it is clear that there are pressures which 
inactivate PG, lipoxygenase and peroxidase but do not 
inactivate PME. Subsequent incubation allows the active 
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PME to promote firming in the absence o£ 
texture degradation. as evidenced by example 2 below. 

Example 7 

aLorr rdanCe " ith meCh ° dS ° £ eXample l - c — o juice 

samples were treated with UHP (either 400 M Pa for 10 mins 
which is not sufficient- f „, d^- • 

20 ™„= „• I ClenC £or TC "activation or 600MPa for 
20 mms which is sufficient for PG inactivation) and 
incubated at either 40 or for 30 mins. sanies were 

then pasteurized by fil ling inco £oil 
sealing and placing in a waterbath at 9S-C for 30 
minutes. Mi enzyme activities were inactivated after 
this pasteurising heat treatment. 

The effects of the Dre^cmr-o * 

„ h= pressure and incubation treatments on 

the consistency of the tomato juice were measured by 
determining the serum to pellet ratio and the Bostwicx 
value of the treated tomato juice. The serum to pellet 
ratio and Eostwicx value were also determined for non- 
treated tomato juice, as a control. 

Serum to , pellet ratio is a measure of the volume 
occupancy of the insoluble solids component of tomato 
ZZ determined »y centrifuging the juice 

solum r SS) Md ChSn " ei9hi " 9 Che " Sul "" 

solubles) and pellet (insolubles) fractions to determine 

the ratio. The higher the level of insolubles ,ie the 
lower the serum to pellet ..w • , 

anri . . u Pexxet ratio), the thicker the sample 

and the higher its consistency. 

Bostwick is the standard industry measurement for tomato 
product viscosity. To obtain juice Bostwick values the 
serum was removed from the pellet by centrifugation as 
above and then added back to 70% of the original sample 
weight. The measurements were made in a standard 
Bostwick viscometer. Tne sample was placed in the 
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levelled viscometer, the shutter opened and a timing 
clock started. The distance (in centimetres) at 20°C 
over which the sample flowed in 30s was recorded. The 
lower the Bostwick value, the thicker the sample and the 
5 higher its consistency. 

The serum to pellet ratios and the Bostwick values 
determined are shown in Table 3 . 



10 


Table 3 








Treatment 


Serum: pellet 


Bostwick 
(cm) I 




No treatment (control) 


3 .2 


8.1 1 


15 


400MPa 10 mins + 40°C 30 
mins 


2.7 


10 . 1 




400MPa 10 mins + 60°C 30 
mins 


2 . 8 


10 . 3 




[ No treatment (control) 


2 . 8 


8.8 


20 


600MPa 20 mins + 40°C 30 
mins 


1 . 4 


6.1 




600MPa 20 mins + 60°C 30 
mins 


1 . 2 


5.9 



From this example and 1 example l, the following 
25 conclusions can be drawn. 



Tomato juice given a UHP treatment of 400MPa for 10 
minutes still has 100% of its PG activity remaining 
(Table 1) . Even after a thermal incubation of 60°C for 
30 30 mins there is still 45% PG activity remaining (Table 

2) . During the mild thermal incubation this remaining 
activity is able to depolymerize pectin in the juice 
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which is ref3»<-t-~^ 

se™ co ZL C rLZ T 9her Boscuick values «" 

treeteo sj^es " C ° nsisC »=~*> of the 

:zti *~ : ct TOp c — - — - - 

and during the miin „ " « ccec i thxs treatment 

g Cne mild thermal incubation pme 
stimulated (pme ha<* * f activity is 

pectin molecules result-™ • groups from 

- « asS0 e iaC e :i :ri raoiecuies be±n9 

to provide a d P rr<» • cation cross-links 

F iae a decrease in Bostwick v a i,, Q » 
pellet ratios ie an ■ ostwlck ^lues and serum to 

' le - an ^crease in consistency. 

Example 7 

The juice colours of the fin 3 i o= •, 

co lour available tm Hu„:: r ; a v ~ he for 

measurements are shown in Ta hi e * k ^ 

ate t h e r a t ioS ot t„e ^ ST 

cores are used by „ UIterlab Co describe .J^"^ 
. reo to 3 ree„ S c al e ; . b . is . yellow tQ blue ^ * 

Table 4 



[ Treatment 


a/b ratio II 


No treatment (control) 


1.89 


400MPa 10 mins + 40 °C 30 
| mins 


1.96 


400MPa 10 mins + 60°C 30 
1 mins 


1 .85 
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600MPa 20 mins + 40°C 30 
rains 


2 . 00 


600MPa 20 mins + 60°C 30 
mins 


1.93 



5 

From these results it can be concluded that UHP treatment 
in combination with mild thermal incubation has very 
little effect on tomato colour. This is beneficial as it 
is desirable to retain as much of the original fresh 
10 tomato red colour as possible in the final product. In 

contrast, the prior art heat processes lead to the 
generation of brown colours due to the Maillard reaction. 

Example 4 

15 

A sample of I50g of tomato dice was subjected to a 
pressure of 500 MPa for 15 mins, incubated in a water 
bath for 30 mins at 42 °C and pasteurised, all in 
accordance with the method of example 1. Qualitative 

20 volatile analysis was then carried out on the sample 

using a Tekmar™ dynamic headspace (purge & trap) 
apparatus (model LSC2000 available from Interscience) . 
Four grams of the sample was purged for 10 minutes with 
helium at 45 °C. The volatiles were trapped on Tenax™ 

25 absorbing material and cryofocussed before injection into 

a gas chromatograph . Qualitative information was 
obtained by means of a dual column system, using 
chromatography columns of differing polarities (namely 
models CPSilOS and CPSill3 available from Chrompack) , and 

3 0 a reference database. Semi -quantitative information was 

obtained by comparing peak heights and areas. This 
analysis was also carried out on a sample of untreated 
tomato dice pasteurised in tomato juice, as a control. 



35 



Relative peak heights for selected volatiles in the 
samples are shown in Table 5. 3 -methylbutanal , hexanal , 
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cis-3-hexenal and 6-methyl -5-hepten-2 „„o 

for both fresh and procS 3 Sed **** 2 "° ne are -nportant 

1993, m Flavour ScieZt t (BUtter >- RG < 

for fresh tomato aroma, 3 . hexen-i-ol is important 



Tablg * 



Volatile 



3-methylbutanal 



2 -methylbu t an -l-ol 



Peak height relative to untreated 
control 



untreated (control, | u„p 500MPa lSa ^ 

+ 42° 30mins 




This shows that the UHP treatment resuu.. • 

in 3- m ethvlhutanal, hexanal, cts-l ZlTl " " ±nCreaSe 
l-ol, 1-hexanol c t ° nexenal, cis-3-hexen- 

nexanol and 6-methyl- 5 -hepten-2-one. 

SOOMP" TorTTt ^ 1 Chat * " HP of 

not surrLrent to 1Z ? " but 

the presence of peroxidase T lnVenC °" that 

-sponge for LI^ ^ ^ *• 

b e invoked in tne oxidation of iipid" IT^IZT^ 
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to generate most of the volatiles listed in Table 5. 

The results of this experiment show that UHP treatment 
can be used to produce tomato dice with altered aroma 
volatile profiles. 
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CLAIMS 

I- A process for providing a tomato-based product 
comprising the following stepS; Pr ° duct 

a) applying ultra high pressure to a tom-i- 

-t po lygal actu r onase is inacti^eTl/ 1 ^' 
pectinme^hyiesterase is not inactivated; 

W *«~n 9 the cora ato piece with endogenous 

pectanmethylesterac?^ ho =„u • 

yxefcerase to achieve a desired 

consistency,- and 
O inactivating the pectinmethylesterase . 

2- A process as claimed in claim l, wherein, i„ step a 
peroxidase is not inactivated. P ' 

3- A process as claimed in claim 2. wherein, in step c 
peroxidase is i M rn™..„ tep c ' 



4 



peroxidase is inactivated. 

A tomato-based product prepared in accordance with 
the process claimed in any preceding claim. 
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